Background and purpose Participant recruitment is central to all clinical trials. Any delay in recruitment affects the completion and ultimate success of the trial. We report our experience with patient screening and randomization in CombiRx, which may inform the design of other trials. CombiRx was a multicenter, phase III, doubleblind, randomized clinical trial comparing the combined use of interferon beta-1a and glatiramer acetate to either agent alone in patients with relapsing-remitting multiple sclerosis (RRMS). This trial was launched in January 2005 in 69 centers in the United States and Canada under a co-operative agreement with the National Institute of Neurological Disorders and Stroke (NINDS). The goal was to recruit 1000 patients over 1.5 years after a 6-month start-up period. Instead, the investigators required 4.25 years to enroll 1008 patients. Methods During this trial, we assessed the effectiveness of various recruitment strategies, utility of rescreening prior screen failures, and potential factors and strategies used in study conduct, research, and infrastructure, all of which affected recruitment of participants and ultimately time to completion of CombiRx. We particularly were interested in the variability in time to site initiation between academic centers and private practice sites. Results Physicians who were directly involved in the medical care of patients with RRMS were the primary source of patients recruited to CombiRx. A flexible study design that allowed for rescreening of the initial screen failures after a period of time was useful due to the relapsing/remitting course of the disease. Academic centers took longer to implement the trial than the private practice centers, but once sites were approved for enrollment, there was no important difference in the number of participants enrolled. Limitations The CombiRx trial was conducted during a period when multiple new medications were being tested, thus affecting the pace of recruitment and limiting ability to generalize our experiences. However, the lessons we learned about process are relevant. Conclusion Participants can be enrolled successfully in a clinical trial for RRMS, but factors affecting the time to achieve the requirements needed to start screening can be unpredictable and problematic. Prospective planning by the sponsors and investigators, use of central institutional review boards (IRBs), master trial agreements and secure remote desktop access to the trial database may expedite trial implementation and participant recruitment. A good scientific research question with flexible
study design and active involvement of the clinicians are important factors driving recruitment. Clinical trials can be implemented successfully both in private practices and at academic centers, a consideration when selecting sites. Clinical Trials 2014; 11: 159-166. http://ctj.sagepub.com 
Introduction and background
Achieving successful recruitment of participants to a clinical trial can be an expensive and a time-intensive process [1, 2] . Participant recruitment to a trial remains a key factor affecting completion and ultimate success of the trial [1] . Delays in recruitment result in postponement of trial completion that may be protracted when a large number of participants are sought [3] . Innovative designs that allow reassessment and modification of inclusion and exclusion criteria without compromising generalizability and the potential to rescreen prior screening failures may contribute to efficient completion of trial enrollment. One example of a trial in which these strategies were employed is the combination therapy in patients with relapsing-remitting multiple sclerosis (RRMS) (CombiRx) trial [4, 5] .
CombiRx was a multicenter, phase III, doubleblind, randomized clinical trial that compared the combined use of interferon beta-1a and glatiramer acetate to either agent alone in patients with RRMS. Half of the participants in the study received the combination of interferon beta-1a and glatiramer acetate versus 25% in each arm of a single agent plus matching placebo for the other agent. The primary endpoint of the study was comparison of the annualized relapse rate (ARR) between the three treatment arms. This trial was launched in January 2005 in 69 centers (65 sites within 32 states of the United States and 4 sites within 3 provinces of Canada) under a co-operative agreement with the National Institute of Neurological Disorders and Stroke (NINDS). The goal was to recruit 1000 participants over 1.5 years after a 6-month start-up period. This goal was based on statistical estimation of the sample size required to provide adequate power to detect a clinically and statistically significant difference in outcomes and on estimates of numbers of potential participants and patients with RRMS provided by the sites on initial survey. However, contractual and institutional review board (IRB) review processes delayed individual site initiation. Furthermore, the approval of a new drug natalizumab, a humanized monoclonal antibody against the cell adhesion molecule alpha-4 integrin, further slowed recruitment because of the promise of efficacy of this drug. Nevertheless, the CombiRx trial investigators recruited 1008 patients but required 4.25 years to do so ( Figure 1 ).
We report our experience with patient screening and randomization in CombiRx and highlight issues and lessons learned in relapsing RRMS participant recruitment that may generalize to future trials. We also report the strategies incorporated in the study design and research infrastructure that enabled investigators to achieve the target enrollment for CombiRx.
Methods
Sites were initiated in three waves, starting in July 2004 (wave 1), April 2005 (wave 2), January 2006, and later (wave 3). Beginning in August 2007, all new participants were asked to complete a questionnaire that requested information regarding trial referral to assess the effectiveness of various recruitment approaches, that is, referral by physician, staff or other patients, in-clinic and media advertising, mass mailings, Internet, or listing on clinicaltrials. gov. We advertised the trial to neurologists at scientific conferences, local medical meetings, and corresponded directly with community neurologists and patient advocacy groups such as the National Multiple Sclerosis Society. We compared the characteristics of participants who were randomized with screenees who were terminal screen failures (TSFs), that is, those who could not rescreened. 
Participating sites
Of the 68 centers that randomized at least one participant, 39 were academic centers and 29 were considered private practices. Eighteen private practice sites and 3 academic centers used a central IRB (Western IRB); the rest of the sites used local IRBs. Following regulatory approvals, the sites had to complete magnetic resonance imaging (MRI) certification, training in the use of laboratory and outcome rating scales, and data entry system certification. MRI certification required that the imaging site associated with each of the clinical sites perform a test MRI according to trial protocol on a volunteer with known cerebral lesions consistent with the disease. The images were transmitted to the central MRI Analysis Center in Houston. Following central review of the images to confirm that they met specifications and were of adequate quality for semiautomated image analysis, the center and the MRI scanner used to produce the test images were certified to participate in the trial. Data entry system certification required local assistance with installation of the data entry application (requiring firewall access and test data entry) before participant randomization could be initiated.
Participant screening and randomization
All potential participants were screened for eligibility based on disease history, disease activity, extended disability status scale (EDSS) score, multiple sclerosis functional composite (MSFC) score, and an MRI scan. The MRI was scheduled as the last eligibility hurdle to minimize the cost of screening. The randomization window for a CombiRx candidate initially was a minimum of 14 days to a maximum of 30 days after screening was initiated, in order to ensure that a baseline MRI had been obtained.
Participant rescreening
Participants who initially failed screening on a reversible criterion were reassessed and ultimately could become a randomized participant as the initial reasons for exclusion resolved. The reasons for initial screen failures were protocol defined failures associated with disease status and medical conditions and included ongoing/recent relapse activity in the prior 30 days, failure to meet prior relapse criteria, other medical conditions, abnormal laboratory values, and failure to meet RRMS diagnostic criteria ( Table 1) .
Protocol amendments
During the trial, the following amendments were made to address the slow accrual rate during the first 2 years:
1. Addition of sites: Up to 100 active sites were invited to participate in the study, instead of the prior limit of 90 sites.
Longer screening-to-randomization window: In
the first year of the trial, it became apparent that the logistics of the time frame for obtaining the MRI within 30 days after screening of a candidate patient was problematic due to scheduling problems at a number of sites. Hence, the screening-to-randomization window was increased to 45 days as long as there were no intervening relapses. Any patient scheduled for an MRI more than 45 days after screening was allowed to participate provided the MRI was The CombiRx participant screening and recruitment 161 obtained within a time frame that was deemed reasonable by the CombiRx steering committee, from a scheduling perspective, and the delay was admitted as a protocol exception. This change significantly reduced the site burden by eliminating protocol exceptions and the consequent reporting process. This change also led to a more realistic time frame for screening and flexibility to accommodate MRI scheduling. 3. Incentives: In order to increase recruitment, we initiated a series of supplemented financial incentives of US$5000 each to sites after 5, 10, and 20 participants had been enrolled.
Data analysis
The CombiRx starting time for administrative benchmarks was the IRB approval date at the Clinic Coordinating Center at Mt. Sinai School of Medicine. Subsequent benchmarks were measured in days and reported in 30-day months or 12-month years.
We compared the characteristics of participants who were randomized with screenees who were TSF, that is, those who could not be rescreened. Group comparisons were made with the t-test, Wilcoxon rank-sum test, or chi-square test, as appropriate; p-values are presented for descriptive purposes only, with a p \ 0.05 considered meaningful. Analyses were performed using JMP v8 and SAS v9.1.
Results
Patient referral and participant identification for the trial By April 2012, 842 (83.5%) of 1008 randomized participants and 51 of the 176 screen failures (28.9%) defined by not meeting at least one of the inclusion criteria (no one category of which exceeded 15%) had provided the referral information. The majority of referrals were physician related, with 63% already treated by an investigator or physician involved in CombiRx. Another 29% were referred by other treating neurologists to a CombiRx participating physician. The remaining participants were referred to a CombiRx physician by clinic staff (4%), another physician (1%), or two specific websites, www.nmss.org (1%) and www.mayo.edu (1%). Less than 1% of participants were referred to the trial for screening by www.clinicaltrials.gov, a friend or another patient, in-clinic advertising, or some other method. CombiRx personnel did not track the source of 'other physician' referrals and could not determine how non-CombiRx physicians heard about the study.
Altogether, 1129 potentially eligible participants were screened for the trial of which 953 patients were randomized after their first screening and 176 screenees were deemed initial screening failures; 55 initial screening failures were randomized after additional screening; 121 screenees failed to meet inclusion criteria.
Participant rescreening
Of 176 initial screen failures, the majority of reasons for failure (64%) were protocol defined failures associated with disease status and medical conditions including ongoing/recent relapse activity in the prior 30 days in 18.2%, failure to meet prior relapse criteria in 12.5%, other medical conditions in 10.8%, abnormal laboratory values (most common was elevated liver function test) in 9.7%, and failure to meet RRMS diagnostic criteria in 7.4% (Table 1) . Of the 176 initial screening failures, 59 were rescreened; for 55 of rescreenees (93%) the initial reasons for exclusion had resolved and they were randomized. Of those successfully rescreened, 29% waited at least 30 days for disease activity to stabilize, 23% were due to a site error or delay that resulted in exceeding the 45-day window for randomization, thus requiring a rescreen, and 11% enrolled after a second relapse to satisfy the requirement of having experienced two relapses in the prior 3 years. Altogether, 121 participants (10.7%) of the total number screened were classified as TSF.
Characteristics of participants recruited
By self-report of the 1008 randomized participants, 87.6% were Caucasian, 7.2% African American, and 89.6% of non-Hispanics/Latino ethnicity. Similarly, among the 121 TSF, 85.3% were Caucasian, 8.6% were African American, and 5.3% were Hispanics [5] . Since multiple sclerosis (MS) is more common among Caucasians, these differences reflect wellrecognized features of this disease.
In regard to the disease severity, the proportion of screenees with EDSS scores . 2 was somewhat higher at 49.5% among TSFs compared to 39.2% among randomized participants (p = 0.06). The proportion of TSFs with no gadolinium (Gd) enhancing lesions on the baseline brain MRI also was higher, 71.7% in TSF compared to 60.4% in randomized participants. However, only 60 of 121 TSFs had MRI scans (p = 0.08) as participants deemed ineligible for other reasons often were excluded prior to obtaining an MRI. There were no differences in the volume of Gd enhancing lesions, when present, or the number and volume of T2 lesions. Only small differences were observed between randomized participants and TSFs in CombiRx; none of the observed differences was related to disease course [5, 6] .
Potential factors influencing recruitment for CombiRx

Description of the participating sites
From overall study IRB approval at the central coordinating institution, a median 3 months (range: 1-22 months) elapsed before all local investigators submitted the contract and protocol for local approval (Figure 2(a) and (b) ). Overall, contract approval took approximately 6 months and IRB approval about 6.5 months. Following regulatory approvals, completion of MRI certification, laboratory and outcome rating scales training, and data entry system certification were completed at 10 months (2.4 months-2.5 years). An additional 4 months, on average, elapsed before the first participant was randomized at a site.
Site comparisons
The first participant was randomized into CombiRx about 7 months after the Clinical Coordinating Center (CCC) received IRB approval at a private practice site in January 2005. The mean time from site initiation to first randomization for all sites was more than twice as long, at just over 15 months (5 months-3.6 years) . The mean time was 13 months (6.3 months-2 years) in private practices and 17 months (5 months-3.6 years) in academic centers. The largest delays occurred with IRB and contract approvals at academic centers. While the minimum time from study initiation to first randomization was similar in academic centers versus private practice (8.5 vs 7 months), the median time to first enrollment was 4 months longer for academic centers compared to private practice sites, with the largest differences occurring during the contract approval process (4.7 months), MRI certification (3.5 months), and first randomization (4 months). After adjusting for the difference in the delays of contract submission, academic centers had more than a 2-month delay in contract approval compared to private practice sites (Figure 2(a) and (b) ).
Other considerations Administrative supplements and incentives
Most of the sites (63 of total 67 active sites) enrolled at least 5 participants and received the first monetary supplement of US$5000, 44 sites received a second supplement after enrolling 10 or more participants, and 18 sites (11 academic and 7 private practice sites) that enrolled more than 20 participants received a third administrative supplement.
Seasonal fluctuations
The average accrual rate for the trial remained steady at about 20 participants per month after the first 18 months. Although it has been suggested that MS activity or symptoms may fluctuate seasonally [7] , we did not notice any significant seasonal effect in the CombiRx recruitment pattern. There was a slight, but not significant, decline in the accrual rate during the July to September quarter annually. The CombiRx participant screening and recruitment 163
Discussion
We learned from the CombiRx recruitment experience that (a) rescreening patients with RRMS, and possibly other diseases that have a relapsing/ remitting course, and flexible entry criteria are useful strategies for recruitment; (b) an area for improvement and targeted effort for future trials include reducing delays in start-up times at individual sites; and (c) buy-in from the investigators and clinicians involved in the medical care of the target patients was important. While there were differences in academic versus private practice in getting started, after initiating trial activities, there were no differences in the median number of participants screened (15 vs 12) or randomized (13 vs 11) , the months open for recruitment (36.9 months vs 35.5 months), the number of staff trained (a surrogate for study personnel turnover), or centers switching to remote data entry system access.
We do not know whether all eligible patients were invited to enroll, but about 90% of the participants screened for CombiRx enrolled in the trial. One of the factors that may have contributed to this high screening to randomization ratio is the fact that most of the referring neurologists were CombiRx investigators and hence familiar with the trial eligibility criteria and study design and were interested in the research question. We do not know how much the availability of medications at no cost was an inducement for the clinicians who otherwise might have to defend eligibility to payers. Free medication likely influenced patients' willingness to participate.
Allowing for rescreening of the candidates after a period of time contributed an additional 55 (5%) of the randomized participants in the trial. Provisions for rescreening of initially ineligible patients and modification of eligibility criteria should be anticipated in the trial protocol. Changes made after initiation of the trial must be considered with full awareness that such changes have the potential to shift the cohort characteristics that may lead to differences in magnitude or direction of therapeutic outcomes in sub-cohorts defined by the implementation of changes. We addressed this issue by comparing the characteristics of participants in two groups, participants who were randomized after rescreening and patients who were TSFs.
When we compared the types of participating sites, it was clear that academic centers took longer to start a trial than the private practice centers typically did. Academic centers generally had more local administrative steps involved in contract negotiations and approvals. In addition, MRI site certification was a lengthy and iterative process for some sites. The time to complete data entry training, the final step in the process prior to enrollment, was significantly longer in academic centers, largely due to local security and firewall issues that had to be resolved before installation of the data acquisition system [8] . Thus, clinical trials can be conducted successfully in private practice settings as well as academic institutions. Our finding is similar to that reported in from the Submacular Surgery Trials in the field of ophthalmology [9] . It may be prudent for trial organizers and sponsors to consider a balanced number of private practice and academic centers as participating sites for large phase III clinical trials in order to maintain a steady accrual rate, especially in the initial start-up period. Academic institutions are advised to assess local roadblocks that lead to delays in implementing multicenter research studies and to increase internal efficiency.
We provided monetary supplements or incentives for high enrollers. Potentially, we could have provided higher incentives to reward the high enrolling sites. Designers of future trials may wish to consider incentives to reward more rapidly enrolling centers; however, monetary incentives are likely to raise concerns by ethics boards in some countries.
Recommendations for future trials
Moving forward, it is important to incorporate a realistic recruitment plan in the study design. The use of master trial agreements or a central IRB may reduce the start-up time. Academic centers should map their institutional procedures to identify redundant or unnecessary administrative steps and to develop and monitor internal metrics of performance. Potential clinical trial investigators at academic centers should become familiar with internal procedures, anticipate roadblocks, and address problems expeditiously. Use of a secure remote desktop option or web/cloud-based technology that eliminates the need to install software programs and does not compromise the confidentiality of patient and research data may help to mitigate delays in future trials.
Limitations
The CombiRx trial was conducted while testing of other oral agents and monoclonal antibodies administered as monthly infusions was underway, thereby affecting on the pace of patient recruitment. This situation may limit ability to generalize our experiences, although the lessons learned about process are relevant.
Another limitation is that we made administrative changes across centers to facilitate recruitment, but we could not quantify the benefits of each of these specific changes to identify the most helpful strategy. Also, the availability of medications at no cost may have influenced physician referrals to CombiRx and patients' willingness to participate, but these effects cannot be quantified.
Conclusion
Our findings suggest that participants can be successfully recruited to a clinical trial for RRMS, but factors affecting the time to achieve the requirements necessary to start screening can be unpredictable and problematic. Sponsors must plan to provide support to clinical trials with large number of participants, multiple centers and long duration of follow-up beyond the typical 5-year funding period. More flexible funding strategies currently are under consideration by some institutes of the US National Institutes of Health. Active involvement of the clinical investigators is essential to sustained recruitment of patients. Thus, a good scientific research question or hypothesis for which the answer from the trial will affect clinical care is essential to clinician engagement. Use of central IRBs, master trial agreements, and secure access to the trial database for entering data may expedite implementation and recruitment. Clinical trials can be implemented successfully at private practice centers and academic centers, a consideration when selecting sites.
